Predator-Prey dynamics, and their trophic impacts, have functioned as a focal point in both community and population biology for five decades. The work-group focusing on these dynamics has however largely changed the focus of their work from trophic effects to the study of non-consumptive effects of predation--the "ecology of fear". An increasing number of studies chose to spatially chart wildlife populations' risk assessment and of those the majority use optimal patch-use (giving-up densities) as a continuous measure of fear. These charts, "landscapes-of-fear" (LOFs) originated in conservation literature and the reintroduction of wolves to Yellowstone. Today, they are used to study population habitat selection and venture into the evolutionary context with studies examining the mechanisms by which species coexist in the same physical space. This review predicts increase in, and encourages the use of, LOFs: as a conservation tool to assess species land-use; as a bridge between ecology and neurology with stress hormones as indicators fear; and as a tool to compare species' evolutionary dynamics within a community context. PeerJ reviewing PDF | 7 8 Introduction 9
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This measure can be described as the rugosity of the landscape (Bleicher, Kotler & Brown, 137 2012; Bleicher, 2014) . A highly rugose landscape (highly variable with steep changes between 138 points) implies that the population perceives the risk as localized. In comparison, flat landscapes 139 can be interpreted as the result of one of two behavioral assessments (or strategies). (1) A flat 140 LOF may be the result of a very "fearful" population whereas the majority of the entire 141 environment "plateaus" on a high risk contour. In such a LOF, the major focus of the behavior 142 remains in contact with the locations of refuge in the landscape and the risk lessens gradually as 143 one moves near the refuge. Alternately, (2) a population that is "secure" in its management 144 ability of predation risk from the predators in the environment will have a very flat landscape. In 145 this scenario, the zones of risk are less focused and tangible and thus the change between 146 "riskier" and "safer" zones is gradual and not very distinct. Fear has many definitions based on the field of biology in which it is studied. In behavioral 149 ecology, the most common definition is the assessment of risk based on a set of criteria 150 dependent on learned and inherited information that drives strategic decision-making (Vincent 151 & Brown, 2005) . In most studies that includes information on the lethality of the predators a prey 152 animal may encounter. This variable combines (1) the likelihood a predator will be encountered, 153 (2) environmental factors (vegetation, illumination, resources, etc.) contributing to the likelihood 154 of falling prey and (3) the amount of energy that must be expended to avoid the predation risk 155 (Brown, 1988) . Two major theories were derived from that definition (optimal patch use and 156 optimal vigilance), and from those theories tools were developed to measure the perceived risk in 157 the environment (Brown, 1999) .
Risk assessment in wildlife traditionally has been quantified using measures of activity, 159 such as presence or absence of individuals of the species in a habitat. These activity measures 160 present significant difficulties in this type on interpretation. The two general methods that have 161 been used are mark-recapture surveys (Ritchie & Johnson, 2009 ) and diversity surveys (Rösner 162 et al., 2014) to estimate population density in different habitats. Additionally, in birds, counting 163 the number of active nest sites in different habitat types (Zanette & Jenkins, 2000) served a 164 similar function equivalent to that of mark-recapture surveys. These methods alone are likely not 165 the strongest measure of risk as they are confounded by multiple external factors. For instance, 166 nesting areas and foraging areas likely do not overlap to any significant degree. This can be seen 167 in the above mentioned examples of dunnarts in the Simpson Desert that exhibit a large daily 168 migration pattern. Studies found that these animals transverse a large distance between the 169 burrows they occupy during the day and the locations in which they forage (Dickman, Predavec 170 & Downey, 1995; Haythornthwaite & Dickman, 2006) . As a result, the animals may be caught in 171 the path they transverse nightly. Similarly, if burrows (or nests) were counted in the dune crests 172 where the dunnarts forage, (and likely encounter the majority of predators,) we would conclude 173 that this habitat is avoided by the foragers when in fact it is the lack of burrows dug by other 174 species that drives the nightly migration. Thus caution is suggested in the use of surveys alone to 175 quantify a LOF. In addition to using these methods, a stronger (and more reliable) way to 176 measure perceived risk is to measure foraging for small animals and vigilance for larger species.
177 Both foraging behavior and vigilance can be used in ways that are independent of other spatially 178 dependent variables. Examples of such spatially dependent variables are the chance of being 179 trapped for mark-recapture surveys and nest site availability for nests or borrows.
C. Applications
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The use of LOF follows general trends in ecological research. Ecologists traditionally have 218 an attraction to large megafauna, and these trends carry to the LOF theory as well ( Figure 3B ). 219 The major group for which the LOF has been applied remains with the initial group for which it 220 was designed, the ungulates (Laundré et al., 2001; Laundre et al., 2010) . Similarly, the research 221 has been developed on model organisms for behavioural ecology, species that are readily 222 available and of no particular conservation status, predominantly gerbils, squirrels, heteromyid Manuscript to be reviewed 225 Similar to the above, the focal study systems have been drawn to model systems ( Figure 3C ). 226 For ungulates in North America the predominant systems studied were alpine scrublands and 227 forests, the system in which the theory was developed (e.g. Altendorf et al. 2001; Laundré et al. 228 2001; Ripple & Beschta 2004; Creel et al. 2005; Hernández & Laundré 2005) . In the small How have the LOF been applied to research? Given the history of the theory in conservation, 244 the LOF continue to have a significant proportion of manuscripts dedicated to this topic (Figure   245 2). The surprising observation is the small proportion of the research using the LOF that remains 246 in that field. In the conservation literature that used LOF analysis we find a pattern and a trend 247 for future applications. The majority of the papers were using the LOF to monitor the changes in Manuscript to be reviewed 248 community habitat use and the resulting vegetation changes that occur in the landscape. One 249 example includes the success of willow regeneration in Yellowstone National Park (Ripple & 250 Beschta, 2004a ,b, 2006 . Other examples study the impact on health of the prey populations 251 through diet quality (Hernández & Laundré, 2005) . I believe the LOF, as a population attribute 252 and assessment tool, should be used to a much greater extent in conservation. I found that 253 dasyurid marsupials, during a period of population bust, used artificial shelters only when these 254 were adjacent to natural refuges (Bleicher & Dickman, 2016) . The ability to map out the habitat 255 use of species of conservation interest, provides an ability to assess the effectiveness of 256 conservation treatments aimed to increase habitat use by these species. This makes the LOF a 257 powerful conservation tool, which has potential to revolutionize the way in which species of 258 conservation concern are surveyed.
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Despite the LOF being based in conservation, the majority of applications of the LOF (33 260 manuscripts) appear to be directed towards understanding habitat use and the influence that these 261 have on population and community dynamics (31 of those manuscripts). How are these 262 applications used to interpret population and community dynamics? For example, two competing 263 lemming species showed that the competition for resources in shared habitats had a greater 264 impact on their foraging than did the relative risk of predation (Dupuch et al., 2014) . The 265 changes in the LOF of competing rodents from two systems (gerbils and heteromyid) showed 266 how predation risk, and the resulting habitat use, provide a mechanism of coexistence between 267 competing species (Bleicher, 2014) . From another example (of many more), predation risk in 268 forest fragments in Australia limited the nest site selection in birds (Zanette & Jenkins, 2000) .
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The last application, not well developed at this stage, is the transcendence of environmental 271 an animal is under stress (risk of predation), the neurological registering of the risk cues causes 272 an increase in stress hormones to be released in the body of the animal (Gross & Canteras, 273 2012).The physiological responses to these stress hormones are energetically costly (Apfelbach 274 et al., 2005) and influence a lowered productivity (e.g. Mukherjee et al. 2014 ). An example of 275 the research in the neuro-ecology field showed that sparrows respond with an increase of a 276 variety of stress hormones (plasma total corticosterone, corticosteroid binding globulin (CBG) 277 and free corticosterone) in response to an increase in the risk of predation in the environment 278 (Zanette et al., 2011) . In their work, Clinchy et al. (2013) suggest that this connection of 279 environmental stress and neurological responses are a fertile ground for research, moving away 280 from the chronic stress studied in laboratory animals.
281 No longer a theory, now a measurable attribute (Prospectus) 282 The LOF as a tool, can be applied to understanding the dynamics of change in habitat 283 selection for populations, and how these can be related to ecosystem functions and community 284 structure. The LOF also provides a means of comparison between species on the same physical 285 landscape (or within similar constraints). This tool can, in the future, be used in three major 286 ways.
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(1) The LOF can reveal spatial intricacies that are driven by the evolutionary games 288 between competitors and between predator and prey species. As a result, I believe that we should 289 study the mechanisms by which both predator and prey interact using a spatial analysis that can 290 highlight the intricacies of the decision-making process (in both players). (2) I would like to 291 encourage the data mining of previous experiments that measured behaviour in vigilance and 292 GUDs. In experiments that used grid formations, a common normalization of the data is usually 293 performed, averaging the GUDs along treatments. These data sets could be reused to explore the Manuscript to be reviewed 294 spatial distribution of habitat use. I expect many of these old experiments will confirm their 295 findings using the LOF approach; however, many novel patterns are likely to emerge and further 296 our understanding of behavioural patterns on a spatial scale. (3) I expect (stated above) the 297 infiltration of this tool as a measure of conservation success. (4) Last, some experiments have 298 begun to mend the gap between ecological and neurological pathways to the study of fear on the 299 spatial scale (Clinchy et al., 2011) . Directly measuring the neurological impacts of risk in the 300 environment is still in its infancy state Clinchy et al (2011, 2013) . 
